The skin photo-ageing and photo-carcinogenesis are based on cellular mechanisms triggered by UV-radiation, starting with oxidative stress and inflammation, activation of matrix-metalloproteinase (MMP) that increase the structural protein degradation, ending with DNA damage and apoptosis induction. In order to claim the photo-protective activity of an ingredient it's important to explore the main pathways involved in this complex process, highlighting its target action. Our studies are based on a cellular screening of UVA and UVB irradiated keratinocytes (HaCat cell line), focusing on the apoptosis induction, cell cycle sequentiation, metalloproteinase's expression, pro-inflammatory cytokines release and IL1 as sensitization molecule, as well as the antioxidant capacity of the extract, and acting on catalase and superoxidedismutase activity. The investigation techniques are flow cytometry (cellular parameters fluorescent staining and beadsbased assay for soluble protein detection), zymography and enzymatic activity tests. The Crataegus monogyna extract, with a rich content of pro-antocians, flavones and polyphenolcarboxylic acids, shows a UVA cellular protection and dose dependent inhibition of inflammatory cytokines and MMP 2 and 9 after both UVA and UVB irradiation. All these effects are sustained by a cumulative antioxidant capacity at enzymatic and intracellular oxygen radical level. These findings recommend the phyto-complex for the prevention or therapy of UV-photo damages.
INTRODUCTION
Ultraviolet exposure of the skin has many detrimental effects, including oxidative stress and inflammation, activation of matrix-metaloproteinases (MMP) that increase the structural protein degradation, DNA damage and apoptosis induction [1] . UV light affects the skin in different ways depending on its wavelength. UVA (320-400 nm) effects are primarily oxidative in nature. UVC (200-290 nm) hardly ever reaches the surface of the earth. UVB (290-320 nm) is the most important and is considered the causative agent of many of the effects attributed to UV (8) , giving rise to mutations in DNA and modifying the pattern of gene expression [2] . Reactive oxygen species are generated in UV-irradiated human skin, resulting in oxidative damage to lipids, proteins, and DNA [3] . It has been demonstrate that UVA irradiation increased the intracellular levels of hydrogen peroxide (H 2 O 2 ) and caused oxidative DNA damage, single strand-breaks and alkali-labile sites. Superoxide anion (O 2 *-) was a likely substrate for H 2 O 2 production since diethyldithiocarbamate (DDC), a superoxide dismutase blocker, decreased the level of intracellular H 2 O 2 . Hydrogen peroxide was shown to play a central role in DNA damage, potentiating the UVA-induced DNA damage [4] . Molecular mechanisms of skin wrinkles are based on the loss of macromolecules from the dermal matrix, collagen being the major component.The level of collagen in normal skin is maintained by the balance between synthesis by dermal fibroblasts and enzymatic degradation. In UV-irradiated skin, the level of matrix metalloproteinases (MMPs) that are important enzymes for the proteolysis of extracellular matrix proteins is elevated long before the visible symptoms of photo aging [5, 6] . Among them, MMP-2 (gelatinase A, 72 kDa) and MMP-9 (gelatinase B, 92 kDa), secreted as proenzymes, play an important role in degrading type IV collagen. Collagenase/MMP-1 may be activated byIUV-induced cytokine network consisting of IL-1 alpha, IL-1 beta and IL-6, via interrelated autocrine loops contributing to the loss of interstitial collagen in cutaneous photoaging [7] . Inhibition of induction of MMPs has been reported to alleviate UV-induced photoaging by preventing from collagen destruction [8] .
The keratinocyte is not only a mechanical barrier to the outside but is also a fully immunocompetent cell that can release immunomodulating cytokines such as interleukin IL 1, IL 8, IL 6. The constitutive production of these mediators by keratinocytes both in vivo and in vitro is very low, but it can be dramatically enhanced by UV light. The secretion of these cytokines causes local immunologic and inflammatory reactions following UV irradiation and may be responsible for further systemic effects [9] . UV radiation could be also a tumor initiator by inducing chromosomal alterations and DNA damage, and its promoting activity includes transcriptional modulation of genes involved in tumor promotion [10] . Whereas lower doses of UVB cause DNA mutation leading to tumor initiation, high doses result in irreparable DNA damage causing apoptotic cell formation (sun burn) and eventually cell deletion; formation of sunburn cells is linked to the severity of UVB-induced DNA damage [11] . Cell cycle checkpoints help ensure the accuracy of DNA replication and division, allow progression through the cell-cycle or arrest in response to DNA damage to allow time for DNA repair. The cell-cycle DNA damage checkpoints occur late in G1, which prevents entry to S phase, and late in G2, which prevents entry to mitosis. Aneuploidy can result from abnormalities in genes regulating chromosome segregation at mitosis as well as from defects in cell-cycle checkpoints that couple replication and mitosis [12] . UVB induces a short delay in G1-phase exit and blocks the keratinocytes in the S and G2/M phases of the first cell cycle [13] . UVA exposure induced time-dependent cell cycle arrest in G2/M phase of the cell cycle, beginning at the 4-h time-point, peaking at 8-h time-point and declining thereafter [14] . Considering all these damaging effects of UV radiation it is highlight the need for a complete prevention and treatment of the skin. It has been developed a large panel of topical antioxidants, in order to prevent UVirradiated skin damages and photo-ageing: -tocopherol, L-ascorbic acid, -lipoic acid, glutathione ethylester, N-acetylcysteine, or natural compound such as flavonoids or triterpenic structures [15] [16] [17] .
In the present study, we investigated the effects of Crataegus monogyna extract on the UVA and UVB modulated signaling pathways using HaCaT human keratinocytes as a cellular system model. We focused its effects upon intracellular reactive oxygen species production and the enzymatic system involved in the cellular defense, induction of MMPs, pro-inflammatory cytokines release (IL6 and IL8), as well as IL1 as a signal molecule for skin irritancy, apoptosis induction and cell cycle progression. We used as positive control the antioxidant N-Acetyl Cysteine.
MATERIALS AND METHODS

Biological Active Compound
Crataegus monogyna vegetal extract (Dermo -P), containing pro-antocians (0.336g/100g extract), flavones (0.473g/100 g extract) and polyphenolcarboxylic acids (0.833g/100g extract), originally designed in Biotehnos laboratories (Otopeni, Romania).
Cell Culture
HaCaT standardized cell line -immortalized human normal keratinocyte passages 57-63. Culture medium: Dulbecco's modified eagle's medium nutrient mixture F-12 HAM (DMEM, product number D8437, Sigma) with glucose supplement (1.35g/L), 1% antibiotic / antimycotic (10,000 units penicillin, 10 mg streptomycin and 25 μg amphotericin B per ml, product number A5955, Sigma), 10% fetal bovine serum (product number S3113, Biochrom).
The Experimental Design
Consist of 3 sample series, as following: Series I: -unexposed cells (control group); Series II-UVA irradiated cells; Series III: UVB irradiated cells. Experimental data were processed and the results are presented as arithmetic mean of 5 parallel determinations.
Cells were allowed to adhere 24h, pretreated with the test extracts for 12h, irradiated with specific doses using a controlled system: Bio-Sun (Vilber-Lourmet) and cultivated for another 16h after irradiation. Irradiation doses were established after preliminary tests as following: UVA -9J/cm2; UVB -0.02J/cm2, values for which the cells maintain a 50% survival rate, but a strong pro-apoptotic effect.
Techniques of Analyses
A) Un-Cellular Methods for the Antioxidant Capacity Screening of the Vegetal Extract
Total Antioxidant Status (TAS) Total antioxidant capacity was determined through a colorimetric method based on the reaction between a solution of ABTS and H 2 O 2 in the presence of peroxidise, forming a stable radical blue-green ABTS *+ that can be quantified by measuring absorbance at = 600 nm with UV/VIS spectrometer (model Lambda 25, Perkin-Elmer). Antioxidants cause a decrease of sample absorbance. (Reagent: TAS (total antioxidant status) kit -RANDOX Laboratories Ltd., United Kingdom) [18] .
Antiradicalic Capacity (DPPH REDUCTION METHOD)
A rapid, simple and inexpensive method to measure antioxidant capacity involves the use of the stable 2,2-Diphenyl-1-picrylhydrazyl (DPPH, product number D9132, Sigma) radical. DPPH is widely used to test the ability of compounds to act as free radical scavengers or hydrogen donors, and to evaluate the antioxidant activity. The decrease of DPPH absorbance is measured at 520 nm, after incubation of samples for 30 minutes at 25 o C, and it is proportional with the concentration of free radical scavenger added to DPPH reagent solution. The degree of DPPH radical scavenging activity of the antioxidants was calculated as percentage of inhibition [19, 20] .
B) Investigation Methods for "In Vitro" Cytotoxicity
MTS reduction is a colorimetric method for determining the number of viable cells in proliferation or cytotoxicity assays. The MTS tetrazolium compound (3- DCFH-DA is embedded in lipid hydrophobic region of membrane where hydrolytic enzymes clive the diacetat residues, releasing the membrane permeant configuration which is oxidized in the cytoplasm by the intercellular hydrogen peroxide, producing FITC-A fluorescence (530nm emission). HE permeates the cell membrane and is oxidized by superoxide anion ethidium bromide which tight bond DNA and emits at 620nm (PE-A). Hydrogen peroxide and superoxide anion quantities are proportional with the variation of mean fluorescence channel: FITC-A mean -for hydrogen peroxide and PE-A mean -for superoxide anion.
Intracellular
Catalase (CAT) and Superoxide Dismutase (SOD) Assessment
To assess the enzyme activity of CAT and SOD, after detach adherent cells with trypsine / EDTA, cells were washed once with cold PBS and suspended in 300 l of Cell Lysis Solution per 1-5 10 6 cells. The suspension was transferred to a 1.5 mL tube and centrifuge for 5 minutes at 12,000 -14,000 g at 2-8 °C. The supernatant contain extracted cellular catalase and superoxide dismutase. Superoxide dismutase (SOD) is metallo-enzyme that catalyzes the dismutation of superoxide anion into oxygen and hydrogen peroxide. We have been used the spectrometric procedures described by Sigma Aldrich to determine the SOD activity in samples [26] The method is based on the spectrophotometric evaluation (550nm absorbtion spectra) of the inhibition rate of cytochrome C reduction by competing for the superoxide radical with superoxide dismutase. Catalase (CAT) was assayed according to the method of Aebi [27] . 
Human IL1
Single Plex Flex Set (BD CBA); Human Soluble Protein Master Buffer Kit (BD CBA); BD Cytometric Bead Array (CBA) kit -Human Inflammatory Cytokines kit (BD Pharmingen). BD™ Cytometric Bead Array (CBA) is a flow cytometry application that allows users to quantify multiple proteins simultaneously. Each bead in the array has unique fluorescence intensity so that beads can be mixed and run simultaneously in a single tube. Each capture bead in the kit has been conjugated with a specific antibody. The detection reagent provided in the kit is a mixture of phycoerythrin (PE)-conjugated antibodies, which provides a fluorescent signal in proportion to the amount of bound analyte (in our particular case IL6, IL8, and IL1-). When the capture beads and detector reagent are incubated with an unknown sample containing recognized analytes, sandwich complexes (capture bead + analyte + detection reagent) are formed. These complexes can be measured using flow cytometry to identify particles with fluorescence characteristics of both the bead and the detector. 
F) Cell Cycle Progression
DNA amount measurements by flow cytometry are possible due to the specific label of DNA with propidium iodide (PI) fluorochrome. PI is stoichiometrically bound to the base pairs of nucleic acids double bonds and has no specificity for nitrogenous bases. Fluorescence intensity is proportional to cell dye quantity, corresponding with the DNA quantity to which it had been bound. By fluorescence measurement, a distribution histogram is obtained for DNA quantity distributed in the whole cell population. In the distribution histogram for DNA quantity/normal population, the following are plotted: a first peak corresponding to the cell fraction which is found in the phase Go/G1, having a diploid DNA quantity (2N); a second peak, found at a double distance from the first one, which represents the cell fraction in phases G2+M, having a tetraploid DNA quantity (4N); area included between the two peaks, representing the cells in the synthesis phase S, having an intermediate content of nucleic acids (Figure 5) . The isolation and label of the nuclei in cell suspensions is done using Cycle TEST PLUS DNA Reagent (BD PHARMINGEN), data were acquired with FACS CANTO II flow cytometer, and the cell cycle analysis is performed with FCS Express software -DNA cell cycle module.
G) Matrix Metaloproteinases Expression AnalysisGelatin -Zymography Method
Considering the correlation of the two proteolytic enzymes (MMP2 and MMP9) with the UV radiation damages and their role in extracellular matrix disruption, we assessed the enzymatic activity of MMP2 and MMP9 based on a gelatine -zymography method described by Herron et al. [30] .
In order to evaluate the biocompounds influence on MMP's activity, the culture media samples were separted by SDS-Page using 10% acryl amide copolymerized with gelatine (0,1 mg/ml). After electrophoresis, the gel was rinsed twice with 2,5% Triton X-100 for 30 minute, twice with H 2 O for 15 minute and incubated for 24 h at 37 0 C in incubation buffer (50mM Tris-HCl, 5 mM CaCl 2 and 5 M ZnCl 2, pH 7,5). Gelatinase was identified following staining of the gel in 0,25% Coomasie blue R250 and bleach in MeOH: Acetic acid : H 2 O (40:10:50, v:v:v). The digested area appeared clear on a blue background, indicating the location of gelatinase. Protein standards were run concurrently and approximate molecular weights were determined. For this study all chemicals were purchased from Sigma -Aldrich and used without further purification.
Statistics
Experiments were performed in triplicate and mean values was considered. Data were analyzed for statistical significance using a one-way ANOVA followed by Dunnett's t-test to compare treated groups to the appropriate solvent control group. The level of statistical significance used was P < 0.05.
RESULTS AND DISCUSSION
I. Preliminary Methods for the Antioxidant Capacity Screening of the Vegetal Extract
The DPPH• radical scavenger activities and total antioxidant status of C. monogyna extracts were assessed at different concentrations, in 3 replicates carried out over 3 days. The resulted regression equations and determination coefficients are listed in Table 1 
II. Cytotoxicity Studies for Crataegus monogyna Extract
Metabolic activity evaluation and studies on Lactate dehidrogenase release led us to select 1/800 (v:v) dilution as cytotoxicity limit for un-toxic concentrations of C. monogyna extract on HaCaT cell line (Figure 2) . This dose shows that the bioactive extract is well tolerated by keratinocytes, a very important aspect for a skin care ingredient. (Figure 3) . The keratinocyte subpopulation with low granularity is characterized only by superoxide anion release, the other with higher granularity present also a higher activation and both oxygen reactive species: Table 2) . Experimental data reveals a strong effect of C. monogyna extract, similar with N-Acetyl-Cysteine, decreasing the intracellular reactive oxigen species release, on both keratinocyte subpopulations. This effect persist at UVA and UVB irradiation, at superoxide anion as well as hydrogen peroxide.
III. Crataegus monogyna
Enzymes such as catalase (CAT) and superoxide dismutase (SOD) play important roles in protecting against free radical damage and are considered the primary antioxidant enzymes involved in direct elimination of reactive oxygen species. We assessed their activity ( Table 3 ) in order to explain the superoxide anion and hydrogen peroxide intracellular variations induced by C. monogyna extract.
C. monogyna extract induce activation of both catalase and peroxidase, highlighting the enzymatic mecanism of its cellular antioxidant action: it acts on enzymes that transforme the damaging oxigen radicals, not directly on reactive oxigen species.
III.2. Effects on Pro-Inflammatory Cytokines IL6 and IL8 and IL1 as Skin Sensitization Molecule
C. monogyna extract exerts anti-inflammatory action especially on IL8 release in extracellular medium, one of the main signal protein for triggering the inflammatory response, both after UVA and UVB exposure. (Table 4) IL6 release is blocked only after UVA irradiation, UVB proving to be more aggressive from this point of view. In respect of skin irritancy, release of IL1 is augmented by C. monogina extract, especially by the higher dose. It is reccomended the use of this extract avoiding direct sun exposure.
IV. Crataegus monogyna Action on Cellular Survival and Proliferation Disorders Induced by UV Radiation
IV.1. Effects on Apoptosis Induction
The vegetal extracts effects on apoptotic process induced by UV radiation are presented in Table 5 and Figure 4 . The comparative analysis of cellular percent of live / necrotic / early apoptotic / late apoptotic cells reveals a slight cellular protection against UVA apoptosis induced by C. monogyna extract. UVB is a more aggressive radiation and the components from C. monogyna extract are not strong enough to counteract the apoptotic process initiation.
IV.2. Effects on Cell Cycle Progression
UV radiation induces different effects on cell cycle check-points, depending on the wavelenght. UVA causes an augmentation of G2/M phase, and consequently an acceleration of mithosis and an aberrant proliferation of damaged cells. After UVB exposure the cell cycle is arrested in S phase, leading to one of the first tumorigenic effect, the aneuploidy, due to the alteration of normal mitotic checkpoints ( Figure 5 ). Our data suggest that C. monogyna extract can suppress the "in vitro" premalignant conversion of UVB irradiated normal human keratinocytes, especially reducing the percent of aneuploidy ( Figure 5 and Table  6 ). As well as, in UVA irradiated keratinocytes, the bioactive compounds from the extract reduce the cellular percent in G2/M check-point, that prevent the entrance of UV-damaged cells in mithosis, avoiding their aberrant proliferation.
V. Crataegus monogyna Action on Extracellular Matrix Recovery after UV Radiation
Two bands of gelatinolysis, 92 kDa and 72kDa were detected in the culture medium from HaCaT cells exposed / un-exposed to UV radiation, showing different effects on MMP-9 and MMP-2 expression. The gelatinolytic activity of MMP-2 was remarkably downregulated in the experimental systems treated 72h with C. monogyna dilutions (1/2000 v:v and 1/4000 v:v), whereas MMP-9 was almost the same with solvent control for un-exposed cells, down-regulated for UVB iradiation, but stimulated after UVA exposure for 1/2000 (v:v) dos
CONCLUSIONS
Correlative methods of investigation composing the screening of patho-biological mechanisms induced by UV radiation are necessary for the identification of the right cellular / molecular target of a new photoprotective agent. C. monogyna extract with a rich content of pro-antocians, flavones and polyphenolcarboxylic acids, exert a strong UVA and UVB action on intracellular oxygen reactive species through the activation of the enzymatic system involved in their transformation and inactivation. It also has an anti-inflammatory action on IL8 pathways in UV-A and UV-B irradiation conditions, but inhibits IL6 release only after UVA exposure. The rising of IL1 recommend the use of the extract only avoiding direct sun exposure (night treatment formulations). The extract acts on the extracellular matrix recovery, both after UVA and UVB irradiation, inhibiting differentiated MMP9 and MMP2 respectively and induce cellular protection against apoptosis only at UVA exposure. Another important UV-protective effect is its action on cell cycle progression, normalizing the alteration of normal mitotic checkpoints leading to aberrant proliferation and aneuploidy. All these data sustain C. monogyna extract as an active ingredient mostly for UVA photo-damages treatment than for solar burns induced by UVB.
